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(54) High-density magnetic random access memory device and method of operating the same 



(57) A high-density magnetic memory device is pro- 
vided. The high-density magnetic memory device in- 
cludes a vertical transistor formed on a substrate; a 
magnetic memory element formed on the vertical tran- 
sistor, the magnetic memory element using magnetic 
materials for storing data; a bit line connected to the 



transistor via the magnetic memory element; a word line 
for writing over and across the bit line; and. an insulating 
I layer formed between the word line for writing, and the 
other components below the word line for writing. Ac- 
cording to the high-density magnetic memory device, it 
is possible to fabricate a high-density magnetic memory 
device with a vertical transistor. 
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Description 

[0001] The present invention relates to a high-density 
magnetic random access memory device and a method 
of operating the same, and more particularly, to a high- 
density magnetic random access memory device hav- 
ing a vertical transistor, and a method of operating the 
same. 

[0002] A magnetic random access memory (MRAM) 
device is a kind of non-volatile memory devices, and 
stores data using the magnetic characteristics of a ma- 
terial The MRAM device can perform speedy read/write 
operations of a static random access memory (SRAM), 
has a high degree of integration equivalent to that of a 
dynamic random access memory (DRAM), and theoret- 
ically, it can perform write operations repeatedly if re- 
quired. 

[0003] The MRAM device includes a magnetic mem- 
ory element required in writing and reading data. Here, 
the magnetic memory element may be a giant magneto- 
resistive (GMR) device using a GMR phenomenon, or 
a magnetic tunnel junction (MTJ) device using a phe- 
nomenon that an electric current is more easily trans- 
mitted when two magnetic layers, which has an insulat- 
ing layer therebetween, have the same magnetic spin 
direction, than when these magnetic layers have the dif- 
ferent magnetic spin direction. At present, the MTJ de- 
vice is widely used because it has higher junction resist- 
ance and magneto-resistive (MR) ratio than the GMR 
device. 

[0004] FIG. 1 is a cross-sectional view of a conven- 
tional MRAM device. Referring to FIG. 1, first and sec- 
. ond impurity layers 12 and 14, which are doped with n- 
type conductive impurities, are formed in a p-type sem- 
iconductor substrate 10 at an interval therebetween. A 
gate stack 20, which consists of a gate oxide layer 1 6 
and a gate conductive layer 18, is formed on the p-type 
semiconductor substrate 10 between the first and sec- 
ond impurity layers 12 and 14. Here, the gate conductive 
layer 18 is also used as a word line for reading. As a 
result, a metal-oxide semiconductor field effect transis- 
tor (MOSFET) is formed on the p-type semiconductor 
substrate 10. Then, a first interlayer dielectric layer 22 
is formed to cover the gate stack 20 on the p-type sem- 
iconductor substrate 10. First and second via holes 22a 
and 22b are formed at the first interlayer dielectric layer 
22 to expose portions of the first and second impurity 
layers 12 and 14. The first and second via holes 22a 
and 22b are filled with conductive plugs 24 and 26. 
Then, first and second conductive layer patterns 28a 
and 28b are formed on the first interlayer dielectric layer 
22 at an interval to completely cover the exposed por- 
tions of the conductive plugs 24 and 26, respectively. 
Next, a second interlayer dielectric layer 30 is formed to 
cover the first and second conductive layer patterns 28a 
and 28b. Here, the second conductive layer pattern 28b 
is used as a ground line. Thereafter, a third via hole 30a 
is formed on the second interlayer dielectric layer 30 to 
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expose the first conductive layer pattern 28a, and then 
filled with a conductive plug 32. 

Next, third and fourth conductive layer patterns 32a and 
32b are formed on the second interlayer dielectric layer 

5 30 at an interval. At this time, the third conductive layer 
pattern 32a covers the exposed portion of the conduc- 
tive plug 32 completely. Here, the fourth conductive lay- 
er pattern 32b is a word line for writing. Then, a fourth 
via hole 34a is formed on the third interlayer dielectric 

10 layer 34 to expose the third conductive layer pattern 
32a. Next, a fifth conductive layer pattern 36 is formed 
on the third interlayer dielectric layer 34 to fill the fourth 
via hole 34a while being extended over the fourth con- 
ductive layer pattern 32b. A tunneling magnetic resistive 

15 (TMR) device 42 is formed on the fifth conductive layer 
pattern 36. The TMR device 42 is a stacked structure in 
which a first ferromagnetic layer 42a, a non-ferromag- 
netic layer 42b and a second ferromagnetic layer 42c 
are sequentially stacked. Then, a fourth interlayer die- 

20 lectric layer 38 is formed on the third interlayer dielectric 
layer 34 to cover the fifth conductive layer pattern 36 
and the both sides of the TMR device 42. Lastly, a b. 
line 44 is formed on the fourth interlayer dielectric layer 
38 to be in contact with the entire surface of the second 

25 ferromagnetic layer 42c. 

[0005] In a conventional MRAM device as shown in 
FIG. 1 , a switching device is selected to choose one cell, 
and therefore, an area occupied by the chosen cell de- 
pends on the area of the selected switching device. It is 

30 important to reduce the area of a switching device as 
much as possible in fabricating a high-density magnetic 
memory device. 

[0006] According to a first aspect of the invention 
there is provided a high-density magnetic memory de- 

35 vice including a vertical transistor formed on a substrate; 
a magnetic memory element formed on the vertical tran- 
sistor, the magnetic memory element using magnetic 
materials for storing data; a bit line connected to the 
transistor via the magnetic memory element; a word line 

40 for writing over and across the bit line; and an insulatinp 
layer formed between the word line for writing, and ih\ 
other components below the word line for writing. 
[0007] Thus, there is provided a high-density magnet- 
ic memory device in which a transistor is arranged in the 

45 vertical direction so that an area occupied by a switching 
device can be reduced, thereby increasing the degree 
of integration. 

[0008] According to a second aspect of the invention, 
there is provided a method of operating a high-density 

50 magnetic device according to the present invention, the 
method including: (a) applying an electric current to the 
bit line to address one memory cell, applying an electric 
current !w to the word line for writing so that the mag- 
netization directions of the magnetic layers of the MTJ 

55 are anti-parallel to each other, and writing "I" to the se- 
lected memory cell; (b) applying an electric current to 
the bit line to address one memory cell, applying an elec- 
tric current -Iw whose direction is opposite to that of the 
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electric current Iw, to the word line for writing so that the 
magnetization directions of these magnetic layers are 
parallel to each other, and writing M 0" to the selected 
memory cell; and (c) selecting a memory cell by applying 
predetermined voltage to the bit line and the word line, 
detecting the intensity of an electric current of the bit 
line, and reading data written to the memory cell. 
[0009] The features and advantages of the present in- 
vention will become more apparent by describing in de- 
tail a preferred embodime nt thereof with reference to the 
attached drawings in which: 

FIG. 1 is a cross-sectional view of a conventional 
magnetic random access memory (M RAM) device; 
FIG. 2 is an equivalent diagram of a cell array of a 
high-density magnetic memory device according to 
a preferred embodiment of the present invention; 
FIG. 3 is a cross-sectional view of a high-density 
magnetic memory device accordirfg to a preferred 
embodiment of the present invention; and 
. . FIGS. 4A through 4C are views explaining a method 
of operating a high-density magnetic memory de- 
vice according to a preferred embodiment of the 
present invention. 

[0010] The present invention will' now be described 
more fully with reference to the; accompanying draw- 
ings, in which a preferred embodiment is shown. This 
invention may, however, be embodied in many different 
forms and should not be construed as being limited to 
the embodiment set forth herein; rather, this embodi- 
ment is provided so that this disclosure will be thorough 
and complete, and will fully convey the concept of the 
invention to those skilled in the art. In the drawings, the 
thickness of layers and regions are exaggerated for clar- 
ity. 

[0011] FIG. 2 is an equivalent diagram of a cell array 
of a high-density magnetic memory device according to 
a preferred embodiment of the present invention. Here, 
reference numeral 120 denotes a memory transistor, 
and reference numeral 1 50 denotes a magnetic memory 
element having a variable resistance, which is to be de- 
scribed later, B indicates a bit line, and W indicates a 
word line connected to the gate of a transistor. Also, Ww 
is a word line for writing, which is placed across the mag- 
netic memory element 150 and is isolated from other 
lines. 

[0012] A plurality of transistors 120 are arranged 
lengthwise and crosswise in a cell array. The cell array 
includes the word lines W, the word lines Ww for writing, 
and the bit lines B that are equivalent in number to the 
crosswise arranged lines of sthe transistors 120. Here, 
each bit line B is connected to means for measuring an 
electric current. Preferably, the means for measuring an 
electric current is a^sense amplifier (S/A). Each bit line 
B may, however, be.connected to another current meas- 
uring apparatus. , . • 
[0013] FIG. 3 is a cross-sectional view of a high-den- 



sity magnetic memory device according to a preferred 
embodiment of the present invention. Referring to FIG. 
3, a vertical transistor 120 and a magnetic memory ele- 
ment 1 50 are sequentially formed on a substrate 110. 

5 The' vertical transistor 120 consists of an impurity stack 
130 in which a first impurity layer 132, a channel layer 
134 and a second impurity layer 136 are sequentially 
stacked, and a <i|ate stack 140 covering the both sides 
of the impurity structure 130. 

10 [0014] Here, the first and second impurity layers 132 
and 136 are doped with n+ type conductive impurities, 
and the channel layer 1 34 is doped with p type conduc- 
tive impurities. 

[0015] Each gate stack 140 consists of a gate insulat- 
15 ing layer 142 and a gate conductive layer 144. More spe- 
cifically, the gate insulating layer 142 and the gate con- 
ductive layer 144 are sequentially stacked along each 
side of the impurity stack 130 to form the gate stack 140. 
The gate conductive layer 144 is a layer having high 
20 conductivity, and may be a polycide or metal layer, for 
example. 

[001 6] The magnetic memory elemental 50 for storing 
data is formed on the impurity stack 1 30 ..Were, the mag- 
netic memory element 150 is a magnetic tunnel junction 

25 (MTJ) device having at least two magnetic layers 152. 
and 156, and a tunnel barrier 154. Here4he tunnel bar- 
rier 154 is interposed between the magnetic layers 152 
and 156; In this embodiment, the magnetization direc- 
tion of the lower magnetic layer 152 beneath the tunnel 

30 barrier 154 is fixed, whereas the magnetized direction 
of the upper magnetic layer 156 above the tunnel barrier 
1 54 becomesparallel or anti-parallel to that of the upper 
> . magnetic layer 156 according to the electric field. 
[0017] A bit line 160 is formed on the magnetic mem- 

35 ory element 150, being extended in the same. direction 
as a word line of the gate conductive layer 144. Above 
the bit line 160, a word line for writing 180 is formed 
across the word line of the gate conductive layer 144 
and the bit line 1 60. The word line for writing 1 80 stores 

40 . data at the magnetic memory element 150 by forming a 
magnetic field in a predetermined direction. Also, an in- 
sulating layer 170 is applied between the word line for 
writing 180, and the other components below the word 
line for writing 180.- 

45. [0018] Hereinafter, a method of operating the magnet- 
ic memory device according to the present invention will 
be described with reference to FIGS. 4A through 4C: 

Writing Operation 

50 

[0019] First, an electric current lb is applied to the bit 
line 160 so as to address the position of a memory cell 
to which data is to be written. Next, an electric current 
. /win. one direction is applied to the word line for writing 
55 180 so that the directions of the magnetization of the 
magnetic layers 152 and .156 of the MTJ 150 are anti- 
parallel to each other, and then, "1" is written to a se- 
lected memory cell. In other words, as shown in FIG. 
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4A. the magnetization direction of the upper magnetic 
layer 156 is determined by a magnetic field, which is 
formed by the electric current Iw, and is opposite to the 
magnetization direction of lower magnetic layer 152. 
[0020] To write "0" to the selected memory cell, the 
electric current lb is applied to the bit line 160, and an 
electric current -Iw whose direction is opposite to that of 
the electric current Iw, which is applied to write "1" to the 
word line for writing 180, is applied to the word line for 
writing 180. As a result, as shown in FIG. 4B, the mag- 
netization direction of the upper magnetic layer 156 is 
also determined by a magnetic field, which is formed by 
the electric current -Iw, which is applied to the word line 
for writing 180. At this time, the magnetization direction 
of the upper magnetic layer 156 is parallel to that of the 
lower magnetic layer 152. 

Reading Operation 

[0021] First, one memory cell is addressed by apply- 
ing voltages Vb and Vwtoihe bit line 160 and the word 
line 144. Then, data written to the selected memory cell 
is read by detecting the intensity of an electric current 
with the sense amplifier S/A connected to the bit line 
1 60. While the same voltage is applied to the bit line 1 60 
and the word line 144, the resistance of the MTJ 150 is 
relatively low if a relatively high electric current is detect- 
ed. At this time, the magnetization directions of the mag- 
netic layers 152 and 156 of the MTJ 150 are parallel to 
each other, and "0" is written to a selected memory cell. 
On the contrary, while the same voltage is applied to the 
bit line 160 and the word line 144, the resistance of the 
MTJ .1 50 is relatively high if a relatively low electric cur- 
rent is detected. In this case, the magnetization direc- 
tions of the magnetic layers 152 and 156 are anti-paral- 
lel to each other, and "1 " is written to a selected memory 
cell. 

[0022] In this embodiment, "1" is written or read to or 
from a memory cell when the magnetization directions 
of magnetic layers of a magnetic memory element are 
anti-parallel to each other, whereas "0" is written or read 
when the magnetization directions of these magnetic 
layers are parallel to each other. However, it is possible 
to switch the conditions of reading/writing "1" and "O'*. 
[0023] As describe above, according to the present 
invention, it is possible to fabricate a high-density mag- 
netic memory device with a vertical transistor. 



Claims 

1. A magnetic memory device comprising: 

a vertical transistor formed on a substrate; 
a magnetic memory element formed on the ver- 
tical transistor, the magnetic memory element 
using magnetic materials for storing data; 
a bit line connected to the transistor via the 



magnetic memory element; 

a word line for writing over and across the bit 

line; and 

an insulating layer formed between the word 
5 line for writing, and the other components be- 

low the word line for writing. 

2. The magnetic memory device of claim 1, wherein 
the vertical transistor comprises: 

10 

an impurity stack in which a first impurity layer, 
a channel layer and a second impurity layer are 
sequentially stacked; and 
a gate stack for covering the both sides of the 
15 impurity stack. 

3. The magnetic memory device of claim 2, wherein 
the gate stack comprises a gate insulating layer and 
a gate conductive layer that are sequentially formed 

20 from the both sides of the impurity stack. 

4. The magnetic memory device of any preceding 
claim, wherein the magnetic memory element is a 
magnetic tunnel junction MTJ. 

25 

5. A method of operating a high-density magnetic 
memory device as claimed in claim 1, the method 
comprising: 

30 (a) applying an electric current to the bit line to 

address one memory cell, applying an electric 
current Iw to the word line for writing so that the 
magnetization directions of the magnetic layers 
of the MTJ are anti-parallel to each other, and 

35 writing "1" to the selected memory cell; 

(b) applying an electric current to the bit line to 
address one memory cell, applying an electric 
current -Iw whose direction is opposite to that 
of the electric current Iw, to the word line for 

40 writing so that the magnetization directions of 

these magnetic layers are parallel to each oth, 
er, and writing "0" to the selected memory cell; 
and 

(c) selecting a memory cell by applying prede- 
45 termined voltage to the bit line and the word 

line, detecting the intensity of an electric current 
of the bit line, and reading data written to the 
memory cell. 

50 6. The method of claim 5, wherein (c) is performed by 
detecting the electric current of the bit line via a 
sense amplifier connected to the bit line. 
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